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ABSTRACT
PURPOSE: To compare different methods for the assessment of 
disability glare sensitivity in the elderly, to arrive at an objective 
assessment of the condition of the eye. To delineate the importance 
of straylight values in vision. 
METHODS: Three groups of subjects were studied: 1) Young subjects 
without any eye disease, 2) elderly subjects without any eye disease 
and 3) elderly subjects with (early) cataract in at least one eye. All 
subjects underwent 2 glare tests, 2 straylight tests, ETDRS visual 
acuity test, Pelli Robson contrast sensitivity test, refraction, LOCS 
III cataract classification. Straylight was quantified by means of the 
straylight parameter s. 
RESULTS: Repeatability, discriminative ability, and added value as 
compared to visual acuity were low for the glare tests and good 
for the straylight measurements. For young normal subjects, with 
log(s)=0.9, the standard glare situation with low beams gives a 
contrast reduction of 1.3, whereas for the healthy 77 year olds this 
increases to 2. With cataract hardly affecting visual acuity, log(s) can 
be as high as 1.8, resulting in a contrast reduction of 3.4.
CONCLUSION: Straylight measurement is of relevance for the assess-
ment of the glare-related hindrance  during driving, and can be used 
to objectify complaints and aid in the decision-making regarding 
cataract surgery.
(J Optom 2009;2:112-118 ©2009 Spanish Council of Optometry)
KEY WORDS: straylight; glare sensitivity; disability glare; CIE; 
aging; driving.
RESUMEN
OBJETIVO: Comparar diferentes métodos para medir la sensibilidad 
al deslumbramiento perturbador en sujetos de edades avanzadas, 
con el fin además de lograr una valoración objetiva de las afecciones 
oculares. Definir la importancia que tiene la luz dispersa (parásita) 
sobre la visión. 
MÉTODOS: Se estudiaron tres grupos de sujetos: 1) Sujetos jóvenes 
sin ningún tipo de afección ocular, 2) sujetos de edad avanzada sin 
ningún tipo de afección ocular y 3) sujetos de edad avanzada con 
cataratas (incipientes) en, al menos, uno de los ojos. A todos los 
sujetos se les realizaron, entre otras, 2 pruebas de deslumbramiento 
y 2 pruebas de luz dispersa, se les midió la agudeza visual mediante 
optotipos ETDRS (siglas en inglés del Estudio sobre el tratamiento 
temprano de la retinopatía diabética), la sensibilidad al contraste 
con el test de Pelli-Robson, la refracción, y se clasificó la catarata 
(para sujetos del tercer grupo) utilizando el Sistema de Clasificación 
de Opacidades del Cristalino( o sus siglas en inglés, LOCS III). La 
luz dispersa (parásita) se cuantificó por medio del parámetro de luz 
dispersa s. 
RESULTADOS: La repetibilidad, la capacidad discriminativa, y el valor 
añadido, resultaron ser bajos para los tests de deslumbramiento pero 
buenos para las medidas de la luz dispersa (en comparación con los 
valores que proporciona la medida de la agudeza visual). Para los 
sujetos jóvenes sin patologías oculares, con log(s)=0,9, la situación 
habitual de deslumbramiento con haces bajos causa una reducción 
del contraste del 1,3, mientras que para los sujetos de alrededor de 
77 años, este valor aumenta hasta 2. Mientras que las cataratas ape-
nas afectan a la agudeza visual, log(s) puede aumentar incluso hasta 
1,8, lo que causa una disminución del contraste de 3,4.
CONCLUSIONES: La medida de la luz dispersa tiene gran relevancia a 
la hora de evaluar la molestia que causa el deslumbramiento durante 
la conducción, y se puede utilizar para objetivar las quejas y para 
facilitar la toma de decisiones relativas a la cirugía de cataratas.
(J Optom 2009;2:112-118 ©2009 Consejo General de Colegios de 
Ópticos-Optometristas de España)
PALABRAS CLAVE: luz dispersa; sensibilidad al deslumbramiento; 
deslumbramiento perturbador; CIE; envejecimiento; conducción.
INTRODUCTION
Glare is considered to be an important hazard for safe 
driving. Most glare hindrance is due to the optical effect 
of light scattering, resulting in straylight on the retina. 
Important sources are windshields and glasses,1 but the pre-
sent report focuses on light scattering in the eye of the driver 
itself. Glare hindrance can be subdivided into discomfort and 
disability glare. Discomfort glare is the general name for the 
discomfort sensation caused by bright light sources, while 
disability glare is more specifically associated with reduced 
vision because of straylight (scattered light) originating from 
a bright source. We will concentrate on disability glare. The 
respective visual disability is known to be the effect of retinal 
contrast reduction due to the veil of retinal straylight. In this 
context, it has become a CIE standard to evaluate disability 
glare by means of the assessment of straylight.2 Retinal stray- 
light can be assessed with the so-called straylight meter. The 
straylight meter is an instrument that relies on a dedicated 
psychophysical technique for straylight assessment, originally 
based on the direct-compensation method,3-5 now based on 
the compensation comparison method,6 and marketed under 
the name C-Quant instrument (by Oculus GmbH, Wetzlar 
Germany). Other methods have been devised to assess disa-
bility glare by means of the so-called glare testers. In these 
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instruments the effect of a glare source (a bright source in the 
near periphery of the subject’s field of view) on a given visual 
function (e.g., the visibility of an optotype) is taken to repre-
sent the subject’s “glare sensitivity”. Over the years, many 
glare testers have been developed. Most of these measure 
either visual acuity or contrast sensitivity in the presence of a 
glare source. None of these tests evolved to a widely accepted 
standard,7-9 which favoured the straylight meter being coined 
as the gold standard.10 
Currently, glare is a parameter for visual function that is 
not evaluated prior to obtaining a driver’s license. This is often 
felt to be an important shortcoming, since it may be related to 
well-known difficulties often encountered during driving.11,12 
Examples include the blinding effect of a low sun or the hea-
dlights of oncoming cars, especially at low ambient light levels. 
The effects are enhanced in those scenarios where the driver 
is meant to see low-contrast objects, such as unilluminated 
obstacles or pedestrians.13 Since glare is condition-dependent 
(it only happens when a blinding source is present) people may 
be relatively unaware of the potential dangers. Some authors14-
16 suggested that there is a strong relationship between glare 
tests and road traffic accidents. On the other hand, a previous 
study only revealed a weak relationship between glare tests and 
(self) perceived driving disability.17 This suggested that there is 
a discrepancy between perceived and true disability; that is, that 
people may not be aware of their impairment. This fact adds to 
the importance of glare testing for driver license applications. 
However, the implementation of glare testing is only possible 
when an adequate measurement technique is available.
An additional aspect of adding a (glare) test to judge 
whether or not the candidate is fit to drive, is that this new 
test should provide information regarding visual function 
that is not already yielded by other tests such as visual acuity. 
Advanced cataracts lead to a decrease in visual acuity and 
contrast sensitivity. However, early cataracts leave visual acui-
ty and contrast sensitivity unaffected.18-21  In such a situation, 
glare testing may be of particular value. At a population level, 
measures of visual acuity are highly correlated with contrast 
sensitivity and glare sensitivity. However, at an individual 
level, such correlations seem to fail.22 
Glare is most often related to the condition of the eye’s 
lens. Indeed, the first vision-related complaints in the elderly 
population are often related to driving at night and against-
the-light viewing conditions. With the increase of both life 
expectancy and mobility in higher age groups, the effects 
of cataracts upon driving may increase rapidly in the years 
to come.23,24 As an indication for cataract surgery, straylight 
should be taken into consideration if that aspect of visual 
function is of importance for the patient. A relatively new 
source of increased glare sensitivity is refractive surgery. It 
has been shown that, even after uneventful refractive surgery, 
glare sensitivity is increased,25-30 although this has also been 
disputed.31  However, due to the improvement of the surgical 
techniques, more recent reports seem to indicate a lower inci-
dence of increased straylight levels in refractive surgery.32,33 
In the present paper, methodological aspects of straylig-
ht/glare assessment for the aging population are discussed. 
First, the performance of assessment technology will be 
presented, based on a multicenter study comparing 3 subject 
groups: young, aged, and cataractous. Part of this study was 
reported before.34 Second, this paper will discuss how the 
intimate relationship between glare and straylight can be 
understood and derived in practice. To translate straylight 
values into practical glare effects, calculations were made 
based on data in the literature regarding typical night driving 
situations, including the typical state of adaptation of the eye 
and values for the brightness of head lamps.
METHODS
The glare tests used were the Nyktotest (Rodenstock 
GmbH, Ottobrun, Germany), and the Mesotest (Oculus 
GmbH, Wetzlar, Germany). They actually test contrast 
sensitivity, but are designed to simulate driving condi- 
tions at night, by having the subjects dark-adapt first for 10 
minutes and then measuring the contrast sensitivity at low 
luminance, both with and without a bright glare source. The 
Mesotest II35 tests, at a surround luminance of 0.032 cd/m2, 
the visibility of optotypes at 4 different levels of contrast: 
(Lsur-Lopt)/Lsur = 0.96, 0.80, 0.63 and 0.50, respectively. The 
very comparable Nyktotest 30036 tests at 0.1 cd/m2 and has 
8 levels of contrast (0.96, 0.80, 0.63, 0.50, 0.40, 0.32, 0.20, 
0.12). When glare is added, in both instruments the same 
contrast values are tested, but at a luminance that is 0.5 log 
units higher.
The straylight meter measures the amount of straylight 
on the retina, defined by means of the equivalent-luminance 
concept.2,37 In short, a ring-shaped straylight source (glare 
source) is flashed on and off at a frequency of about 8 Hz 
(i.e., at the peak of our flicker-detection sensitivity). The 
subject fixates at the centre; i.e., the fovea receives the central 
test field. In the ‘on’-phase, light will reach the fovea because 
light from the straylight source will be scattered in the eye 
and diverted to the fovea. In the ‘off ’-phase, there is no light 
to be scattered, so the fovea will only receive light that is truly 
coming from the central test field. If the centre of the image 
is black in both phases, the subject will perceive a flickering 
signal on the fovea due to the scattering of light from the 
flickering annulus. However, if some (compensation) light is 
added to the central test field in the ‘off ’-phase, the flicker 
will weaken. Flicker will cease to exist if the amount of com-
pensation light equals the amount of straylight, thus enabling 
a precise quantitative measure of the retinal straylight. The 
elegance of this method lies in the fact that the retina is used 
as a null instrument and that the condition of the retina or 
the imaging ocular optics is relatively unimportant as far as 
the precision of the measurement is concerned. As long as 
the retina can detect the 8 Hz flicker, adequate measurements 
can be performed. In the rare occasion that the 8 Hz flicker 
sensitivity is depressed, the accuracy of the measurement 
method will suffer, but no systematic error will be introdu-
ced. An important difference between the straylight meter 
and other glare testers is that the straylight meter measures 
directly the relevant physical magnitude affecting the eye 
(retinal straylight). Other glare testers determine a (contrast) 
sensitivity value, which may also depend on other ocular 
factors, such as the state of dark adaptation, or the presence 
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of a retinal pathology. Straylight meter 1 was LED-based. A 
CRT (Cathode Ray Tube)-based straylight meter was then 
developed, enabling a better control over the areas surroun-
ding the principle stimuli, as explained above. Straylight is 
quantified by means of the straylight parameter s, usually 
given in logarithmic units: log(s).
A cross-sectional sample comprised of 112 subjects 
was drawn from the patients and visitors of the outpatient 
departments of the participating clinics: the Department 
of Ophthalmology at the Free University Medical Centre 
in Amsterdam (The Netherlands), the University Eye 
Hospital at the University of Tübingen (Germany), and 
the University Eye Clinic at the Paracelsus Medical Private 
University in Salzburg (Austria). The subjects belonged to 
either one of the following groups: (1) Subjects between 
20 and 40 years of age, no cataract or other ocular disease, 
having best-corrected visual acuity equal to or better than 
logMAR 0.1 in both individual eyes (n=40). These subjects 
formed the young group without ocular disease. (2) Subjects 
being 50 years of age and over, with visual acuity in both 
individual eyes equal to or better than logMAR 0.1, no or 
only minimal cataract on slitlamp, no other ocular disease 
(n=37). These subjects formed the elderly group without 
ocular disease. (3) Subjects with binocular visual acuity 
equal to or better than logMAR 0.2, clinically relevant 
cataract in at least one eye, no other eye disease (n=35). 
These subjects formed the group with cataract. None of 
the subjects suffered from any eye disease, apart from 
refractive errors and, for those subjects in group 3, cataract. 
Refractive errors were limited to a maximum of 6 diopters 
of myopia, 5 diopters of hyperopia and 1.5 diopters of 
astigmatism. All subjects underwent the above-mentioned 
glare and straylight tests, as well as visual acuity, contrast 
sensitivity, refraction and eye colour measurements and 
objective assessment of cataract (LOCS III classification). 
Subjects completed a questionnaire regarding their percei-
ved disability during driving. For about half of the subjects 
in each group, the measurements of glare and straylight 
were repeated on a different day, to enable the calculation 
of the repeatability of the measurement. An overview of this 
study was reported before.34 The present report focuses on 
the comparison between the glare and straylight tests.
For the calculation of Relative Risk values and discri-
minative abilities, definitions of “impaired” are needed. As 
regards the glare tests, we used the threshold values establi- 
shed in the literature; for the other tests, the threshold values 
were chosen by the authors. In this context, visual acuity 
was considered to be “impaired” when it was higher than 
0.3 logMAR units. This corresponds to a decimal Snellen 
acuity level of 0.5 or 20/40. Straylight was considered to be 
impaired when the value of log(s) was higher than 1.4 (a 3-
fold increase compared to the young eye), a threshold which 
is based on reports of subjects on self-experienced danger. 
Contrast sensitivity was considered to be impaired when 
the log(contrast sensitivity) was less than 1.25.38 For the 
Nyktotest and Nyktotest with glare, the “impaired” level was 
reached when more than 40% contrast was needed (corres-
ponding to level 536), and for the Mesotest and Mesotest with 
glare, it was reached when more than 80% contrast was nee-
ded, corresponding to level 2 (recommendations for Class-1 
drivers).12 Hence, level 5 and level 2 would be the minimum 
requirements for the Nyktotest and Mesotest, respectively 
(notably, for Class-2 drivers, it is a level 3, corresponding 
to 63% contrast needed). Definitions of “impaired” are also 
referred to as cut-off values.
Repeatability should be considered in relation to the 
biological differences that are considered to be significant. 
Therefore, in the analysis that follows, the repeatability of 
each test will be evaluated in view of the range of measure-
ment values that are being obtained with that particular test. 
The range is the difference between the maximum and the 
minimum values that are gathered from the subpopulation 
(sample) under study. In addition, if individuals with normal 
scores in the test are well away from the cut-off value, then a 
low repeatability will be sufficient. If normal scores are close 
to the cut-off value, then the repeatability has to be higher, 
in order to avoid normal subjects to be classified as impaired 
due to the measurement variability. Therefore, repeatability 
will also be considered in relation to the cut-off value of each 
particular test.
To evaluate the effect of straylight in night-driving 
situations, the following basic considerations were made. 
The process of vision starts with the light being detected by 
the retina, its sensitivity being set by the state of adaptation. 
Under static conditions, the state of adaptation is fully deter-
mined by the amount of background light the retina receives. 
In fact, the state of adaptation can then be just defined as 
the amount of background light the retina receives. Other 
states of adaptation, such as those under dynamic conditio-
ns, could be expressed in those terms, which may be called 
“equivalent” based on some measure of retinal condition. 
The retinal visibility threshold is approximately proportional 
to the background intensity (Weber’s law). The background 
intensity value, in our natural surroundings, can vary a lot, 
spanning many orders of magnitude. The ratio between the 
visibility threshold and background is called the Weber frac-
tion. To give an example of a typical night-driving situation: 
Suppose that the state of adaptation corresponds to 1 cd/m2 
and the Weber fraction is 0.10 (10%). Assume further that we 
need to discern a pedestrian with a clothing luminance of 0.3 
cd/m2. That pedestrian would easily be detected. However, 
if the state of adaptation increases 10-fold because of the 
headlights of an oncoming car, that same luminance would 
be invisible. In this sense, the effect of transitory blinding 
discussed here is known to be caused by the desensitization of 
the retina due to the scattered light falling on it. This retinal 
straylight induces sensitivity loss and blinding, depending on 
the relationship between visual task and glare source. With 
respect to the visual task, not only the luminance of the task 
is especially important, but also its contrast, spatial characte-
ristics and location in the visual field. This desensitization is 
more or less proportional to the amount of background light. 
Because of that, it is the ratio between scattered light and task 
luminance that is the magnitude of relevance. So we need to 
review the luminance of the tasks encountered during night 
driving and the equivalent background luminance emitted 
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by the lamps of oncoming traffic. The equivalent luminance 
added by retinal straylight to a scene, can then be calculated 
by means of equation 1, which takes the straylight parameter 
s into account, as shown below:
Leq=s·Ebl/θ2,           (equation 1)
where θ is the angle (in degrees) of the glare source with 
respect to the line of sight, and Ebl is the illuminance on the 
eye from the glare source (in lux). During an encounter with 
an oncoming car having its headlights on, neither the term 
Ebl nor θ2 is constant. When the oncoming car approaches, 
θ increases at a rate inversely proportional to the distance 
between the two cars. At the same time, Ebl increases at a 
rate inversely proportional to the square of this distance. The 
combined effect is that Ebl/θ2 remains more or less constant, 
until the car is so close that its beam no longer reaches the 
eyes of the driver under consideration. The practical presen-
tation time of such a glare source is of the order of seconds, 
with a corresponding luminance value that remains constant 
during much of this period. If we chose a duration of 1 
second, that would correspond to 28 meters at 100 km/h.
RESULTS
Table 1 shows the Repeatability Coefficients (RC)39 
that were calculated from these results, both isolated and 
in relation to the range of measurement results. In the case 
of the Mesotest and the Nyktotest, strong flooring and cei-
ling effects occur, artificially increasing RC. Thus, RC’ was 
obtained after removing the maximum and minimum scores. 
For the Mesotest and the Nyktotest the results are in good 
agreement with the literature (Nyktometer/Mesotest40 and 
Nyktotest36). The ratio between the Repeatability Coefficient 
and the Range of data (RNG) hardly varies across the various 
tests. The distance to impaired scores, expressed in units RC 
is a measure of the probability that an average normal subject 
will produce an impaired score, based on measurement varia-
bility (false positive score). For young subjects, this distance 
is largest for straylight meter 2 and visual acuity. Both values 
are higher than 2, indicating that there is a small chance of 
getting “impaired” results due only to measurement variabi-
lity. For elderly subjects, this value is largest for visual acuity. 
Note that many values, particularly for the Nyktotest and 
Mesotest, are very low.
The fact that the Mesotest and Nyktotest actually deter-
mine contrast sensitivity might have confounded this result. 
However, their design makes it possible to assess glare sen-
sitivity as a separate magnitude, because contrast sensitivity 
is measured both with and without glare. The difference 
between the two results should provide an estimate, in an iso-
lated fashion, of glare sensitivity (apart from a constant factor 
due to the difference in luminance levels). Moreover, since 
this procedure would involve paired comparisons, maybe 
(much) better accuracy could be obtained. The difference in 
log(contrast sensitivity) between the two scenarios (with and 
without glare) was (average ± standard deviation) 0.00±0.20, 
0.08±0.15, and 0.19±0.16 for the young, elderly and cataract 
group respectively, to be compared to 0.89±0.15, 1.07±0.14, 
and 1.42±0.26, respectively, for the log(straylight) parameter 
for the same groups as above.
Translation of Straylight into Practical Glare Effects 
During night driving, the adaptation condition of our 
eyes, as a general rule, is dominated by the road area direc-
tly in front of us, illuminated by the lamps of our own car. 
Recommended values for road light levels range from 0.5 
to 2 cd/m2, and actual values found under dry conditions 
do indeed fall around 1 cd/m2.41,42 In the United States of 
America, levels between 0.3 and 1.2 cd/m2 are recommen-
ded.43-45 However, actual roadway luminance values ranged 
from 0.74 to 0.013 cd/m2.46 These values represent road 
averages. Recommended maximum limits to local variation 
(Lmax/Lmin) are of the order of 5-10.41-45 The recommended 
values for the road luminance to be obtained from the head 
lamps of the driver’s  own car are around the same value of 1 
cd/m2.46  However, the actual values can be as low as 0.1 cd/
m2 under wet conditions,41 and if the more general surroun-
ding is considered, background luminance can be even lower. 
After prolonged staring in the dark, e.g. to discern a weak 
distant object to the side of the road, retinal adaptation may 
decrease, and sensitivity may improve. However, such a situa-
tion will not be explored in the present paper; in this paper, 
a level of 1 or maybe 0.5 cd/m2 will be considered to be the 
typical static adaptation level during night-time driving. 
The most demanding visual tasks in the present context 
are the timely detection of objects such as crossing pedes-
trians, or to resolve traffic signs. The most problematic 
objects are those that are only illuminated by background 
light and, maybe, a little bit by the low beam lamps of the 
driver’s car.47,48 Relevant object luminance as low as 0.01 cd/
m2 can be found during night-time driving.41,42 However, at 
illuminated roads, the situation may be much better,49 with 
the recommended illuminance levels of 6-20 lux, and actual 
values lying in the 3-13 lux range,49 which leads to object 
luminance similar to that of the road itself; i.e., 0.5 cd/m2.50 
As corresponds to general awareness, these night driving tasks 
are already challenging under normal non-glare conditions, 
when our retinas are adapted to a level of around 0.5–1 cd/
m2. The question now is, how much can this adaptation level 
be raised by glare sources, in particular from oncoming cars? 
This is considered for static circumstances, but the dynamic 
way in which true-life glare presents itself may magnify its 
effect considerably.51,52 
Low-beam intensities are recommended to be less than 
500 cd in the glare direction of approximately 3.4 degrees 
at a distance of 50 m. Actual values produce a median of 
850 cd.53  This value corresponds to 0.34 lux on the  driver’s 
eye. By applying Equation 1, we obtain Leq=0.029s. With 
values of log(s) ranging from 0.8 to 1.8 and higher among 
the European driver population,54 this yields Leq = 0.19 to 
1.9 cd/m2. That is, eyes with straylight values that fall in the 
lower part of the interval do not suffer a large effect on their 
state of adaptation. On the contrary, for those individuals 
with higher values of log(s), retinal desensitization becomes 
an important issue. At log(s) = 1.4, Leq = 0.7 cd/m2, and the 
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retina is desensitized by a factor of about 2. We also need to 
consider abnormally elevated beam intensities. Indeed, in 
another study using values of 4 degrees for the glare-source 
distance, 1 cd/m2 pre-adaptation, and between 0.87 and 5.28 
lux for Lbl, it was found that the visibility thresholds for a 
pedestrian silhouette strongly correlated with Lbl for normal 
subjects in a laboratory situation.55 
Table 2 gives an overview of numerical estimates for 
several conditions, based on the “typical” glare situation 
most often considered in literature, which is the two-lane 
rural road, assumed to correspond to a glare source located 
at 3.4 degrees, and a retinal adaptation condition equivalent 
to 0.7 cd/m2. The last column gives the calculated “desen-
sitization” factors. In conditions of normal static viewing, 
this can be compared to contrast loss. For day-time running 
lights (DRL) an estimate was made assuming a typical value 
of 7000 cd for those lamps,56 and for undimmed headlights, 
a value for Lbl = 79 lux was assumed.51 
DISCUSSION
The results reported here on assessment methodology 
made it clear that glare testing of the classical kind suffers 
from significant inaccuracies. The repeatability coefficient 
revealed an unacceptable variation, compared to the size of 
TABLE 1 
Repeatability coefficients (RC) and related parameters of straylight (in log units), Nyktotest and Mesotest (in levels) and visual acuity (in 
log units); n=49-55. Negative values in the last column indicate that the average score of the group is worse than the cut-off value 
Test Repeatability Corrected for Range Ratio Distance to impaired values
 coefficient truncations (RNG) RC=/RNG in units RC=
 (RC) (RC’)
 Young Elderly
Right eye
Straylight meter 1 0.34 Id 1.29 0.26 1.79 1.18
Straylight meter 2 0.27 Id 1.30 0.21 2.32 1.49
Nyktotest without glare 1.72 1.90 7 0.27 1.02 0.63
Mesotest without glare 1.05 1.17 4 0.29 1.18 0.77
Nyktotest with glare 2.37 2.81 8 0.35 0.49 0.02
Mesotest with glare 0.96 1.17 4 0.29 0.92 -0.14
Visual acuity 0.2* Id 0.7 0.29 2.16 1.99
Left eye
Straylight meter 1 0.36 Id 1.35 0.27 1.65 1.11
Straylight meter 2 0.31 Id 1.50 0.21 2.14 1.28
Nyktotest without glare 1.58 1.71 7 0.24 1.02 0.61
Mesotest without glare 0.99 1.12 4 0.31 1.08 0.94
Nyktotest with glare 2.11 2.41 8 0.30 0.52 -0.03
Mesotest with glare 0.97 1.18 4 0.46 0.90 -0.16
Visual acuity 0.2* Id 0.7 0.29 2.17 2.06
*From Elliott and Sheridan;57 Id: No correction for truncations (RC’ identical to RC).
TABLE 2 
Results of the calculations relating straylight to contrast reduction in the two-lane road night-driving situation, for 3 different eye conditions 
and for 3 different headlight conditions: normal dimmed headlights, proposed daytime running lights and normal high beams 
Oncoming  Illuminance  Eye condition Straylight  Straylight Desensitisation
lights  on the eye (cataract stadium/ parameter luminance [factor]
 [lux] cornea problem/ [10log(s)] [cd/m2]
  vitreous opacity)  
 
Low beams 0.34 young healthy 0.9 0.23 1.3
  healthy 77y 1.4 0.7 2
  mild/medium 1.8 1.9 3.7
DRL (daytime running light) 2.8 young healthy 0.9 1.9 3.7
  healthy 77y 1.4 5.7 9
  mild/medium 1.8 15 23
High beams 79 young healthy 0.9 54 78
  healthy 77y 1.4 161 231
  mild/medium 1.8 431 617
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the effects to be detected. The paired comparison between 
glare/no-glare contrast sensitivity did not resolve this, as 
it showed a large overlap between the different groups. In 
fact, the overlap between the subject groups was even larger 
than for the contrast sensitivity values alone. The straylight 
meters performed clearly better. The earlier paper34 reported 
on related issues. In short: regarding discriminative ability, 
i.e. the ability of each test to discriminate between the three 
groups (young/elderly/cataract) the straylight meters perfor-
med better with respect to false positives (elderly and young 
subjects who failed the tests): For 1 out of 154 tests, a subject 
(an elderly one) failed. Regarding the glare testers, 7/154 
(all elderly) failed without glare, and 28/74 elderly and even 
4/80 young subjects failed with glare. Furthermore, the tests’ 
added value was studied: i.e., whether or not the tests provide 
extra information about group assignment (young/elderly/
cataract), surpassing the information provided by the visual 
acuity and contrast sensitivity tests. Again, the added value 
was found to be largest for the straylight meter. Conversely, 
visual acuity provided the least extra information in the pre-
sence of straylight meter results, even less than in presence 
of the results of the remaining glare tests, indicating that the 
straylight meter provided the best information about group 
assignment of the subjects.
From these results we may conclude that straylight tes-
ting is the best option. Why the glare testing concept fails is 
somewhat a matter of speculation. One might guess that the 
fact that it is sensitivities that are tested (contrast or visual 
acuity) confounds the results, because those can be influen-
ced by multiple errors during the test, and are relatively inac-
curate. Straylight measurement is based on establishing an 
identity, a task the human eye is very good at, and a task that 
cannot be easily influenced by errors. The next step is that 
a cut-off criterion of the test, in relation to driving perfor-
mance, must be chosen. We used 1.4 as limit value for log(s) 
based on reports of subjects on self-experienced danger. The 
impact of a test on the driving population, as well as the 
cost-effectiveness of the test, is determined by the prevalence 
of “impaired” test outcomes among the driving population 
(apart from the relation with unsafe driving behaviour). This 
aspect was not investigated in the current study, but such 
knowledge must also be accumulated.
With respect to the translation of straylight to glare 
effects, table 2 shows that only for the best conditions (young 
eyes, low beams)  does glare have a limited impact. For heal-
thy older eyes, the problem is already significant with dim-
med beams. One can imagine that this hindrance from low-
beam headlights is a serious nuisance and a danger, and that 
people suffering from it stop driving at night. It is remarkable 
to see how strong the effect of the proposed DRLs can be. It 
is quite clear that those lamps give very high values of des-
ensitization when they are not timely switched off at night. 
In the corresponding study on DRLs, desensitization values 
were found to range from a factor of 5 for young individuals 
to a factor of 11 for 75–year olds without cataract forma-
tion.56  With undimmed headlights desensitization is very 
strong. Moreover, it may take several seconds to recuperate 
from such blinding.51  At 100 km/hour the distance travelled 
in one second is 28 meters, which highlights the danger such 
blinding entails.
A few remarks on the desensitization model used above to 
quantify the blinding effects of oncoming cars. First, desensi-
tization was set to be equal to the factor by which the retinal 
adapting luminance is increased. Think of the normal situa-
tion in our visual world. During the day, overall luminance 
changes by a factor of 1000. Yet our visual world appears 
constant. In other words; e.g., a pedestrian may differ in 
brightness by that same factor of 1000, yet his/her visibility 
during the day remains unchanged. The explanation is that 
the retina desensitizes in the same proportion, so that the 
retina signals the pedestrian with the same strength, accor-
ding to the above mentioned Weber law. However, this law 
does not always hold precisely true. Actual desensitization 
values may be a bit lower than the 1000 factor mentioned 
above. The difference varies, depending on the particular 
visual task. Tasks may be as different as detecting a pedes-
trian against a cluttered background, a color-discrimination 
task with, for example, a colored traffic sign, or a resolution 
task that involves reading text on direction signs. However, 
the sensitivity for each of the possible visual tasks is contro-
lled by the adapting luminance. So, even if, quantitatively, 
the amount of desensitization is not precisely equal to the 
luminance increase, that same value is the controlling factor, 
and by approximation quantitatively the accurate factor. The 
unattractive alternative would be to specify desensitization 
for every single task one could encounter.
In conclusion, we believe that with the introduction of 
the straylight measurement on the basis of the compensa-
tion technique, glare sensitivity assessment for the aging 
population has become of age. Being a basic function of the 
eye, straylight is a solid means to quantify vision loss effects, 
such as the blinding that may occur during night driving. 
Straylight assessment can serve as an objective indication for 
cataract extraction, to alleviate the elderly person from this 
condition.
REFERENCES
  1.  de Wit GC, Coppens JE. Stray light of spectacle lenses compared with 
stray light in the eye. Optom Vis Sci. 2003;80:395-400.
   2.  Vos JJ. Disability glare -a state of the art report. Commission Interna- 
tional de l’Eclairage Journal. 1984;3/2:39-53.
   3.  van den Berg TJTP, IJspeert JK. Straylight Meter. In: Technical Digest 
on noninvasive assessment of the visual system Washington, D.C.: 
OSA, 1991:256-259.
  4.  van den Berg TJTP, IJspeert JK. Clinical assessment of intraocular 
straylight. Appl Optics. 1992;31:3694-3696.
  5.  IJspeert JK, van den Berg TJTP. Design of a portable Straylight Meter. 
In:  Proceedings 14th IEEE-EMBS; 1992:1592-1594.
  6.  Franssen L, Coppens JE, van den Berg TJTP. Compensation compari-
son method for assessment of retinal straylight. Invest Ophthalmol Vis 
Sci. 2006;47:768-776.
   7.  Contrast sensitivity and glare testing in the evaluation of anterior seg-
ment disease. American Academy of Ophthalmology. Ophthalmology. 
1990;97:1233-1237.
  8.  van den Berg TJTP. On the relation between glare and straylight. Doc 
Ophthalmol. 1991;78:177-181.
  9.  Elliott DB, Bullimore MA. Assessing the reliability, discriminative 
ability, and validity of disability glare tests. Invest Ophthalmol Vis Sci. 
1993;34:108-119.
 10.  Elliott DB, Hurst MA, Weatherill J. Comparing clinical tests of visual 
loss in cataract patients using a quantification of forward light scatter. 
Eye. 1991;5:601-606.
J Optom, Vol. 2, No. 3, July-September 2009 
118   Disability Glare in the Aging Eye. Assessment and Impact on Driving: van den Berg TJTP et al.
 11.  Mantyjarvi M, Tuppurainen K. Cataract in traffic. Graefes Arch Clin 
Exp Ophthalmol. 1999;237:278-282.
 12.  Deutsche Ophthalmologische Gesellschaft. Empfehlungen der D.O.G. 
zur Fahreignungen für den Strassenverkehr Heidelberg; 1999.
 13.  Theeuwes J, Alferdinck JW, Perel M. Relation between glare and driving 
performance. Hum Factors. 2002;44:95-107.
 14.  von Hebenstreit B. [Visual acuity and traffic accidents]. Klin Monatsbl 
Augenheilkd. 1984;185:86-90.
 15.  von Hebenstreit B. Untersuchungen zur Sehschärfe unter nächtlichen 
Fahrbedingungen im Strassenverkehr (Dämmerungssehschärfe). In: Bayern: 
Unternehmensgruppe TUV, 1995.
 16.  Lachenmayr B, Berger J, Buser A, Keller O. [Reduced visual capa-
city increases the risk of accidents in street traffic]. Ophthalmologe. 
1998;95:44-50.
 17.  van Rijn LJ, Wilhelm H, Emesz M, et al. Relation between perceived 
driving disability and scores of vision screening tests. Br J Ophthalmol. 
2002;86:1262-1264.
 18.  Elliott DB, Situ P. Visual acuity versus letter contrast sensitivity in early 
cataract. Vision Res. 1998;38:2047-2052.
 19.  Rouhiainen P, Rouhiainen H, Salonen JT. Contrast sensitivity in diffe-
rent types of early lens opacities. Acta Ophthalmol Scand. 1996;74: 
379-383.
 20.  Chylack LT, Jr., Jakubicz G, Rosner B, et al. Contrast sensitivity and 
visual acuity in patients with early cataracts. J Cataract Refract Surg. 
1993;19:399-404.
 21.  Adamsons I, Rubin GS, Vitale S, Taylor HR, Stark WJ. The effect of 
early cataracts on glare and contrast sensitivity. A pilot study. Arch 
Ophthalmol. 1992;110:1081-1086.
 22.  Haegerstrom-Portnoy G, Schneck ME, Lott LA, Brabyn JA. The rela-
tion between visual acuity and other spatial vision measures. Optom Vis 
Sci. 2000;77:653-662.
 23.  Ruckhofer J, Grabner G. [Driving behavior of patients before cataract 
operation--is an unlimited driver’s license justifiable? Results of an 
analysis of 1,124 patients of the ophthalmology department of a central 
hospital]. Klin Monatsbl Augenheilkd. 1998;212:106-110.
 24.  Ivers RQ, Cumming RG, Mitchell P, Attebo K. Visual impairment and 
falls in older adults: the Blue Mountains Eye Study. J Am Geriatr Soc. 
1998;46:58-64.
 25.  Katlun T, Wiegand W. Change in twilight vision and glare sensitivity 
after PRK. Ophthalmologe. 1998;95:420-426.
 26.  Veraart HG, van den Berg TJ, IJspeert JK, Cardozo OL. Stray light in 
radial keratotomy and the influence of pupil size and straylight angle. 
Am J Ophthalmol. 1992;114:424-428.
 27.  Veraart HG, van den Berg TJ, Hennekes R, Adank AM. Stray 
light in photorefractive keratectomy for myopia. Doc Ophthalmol. 
1995;90:35-42.
 28.  Niesen U, Businger U, Hartmann P, Senn P, Schipper I. Glare sensitivi-
ty and visual acuity after excimer laser photorefractive keratectomy for 
myopia. Br J Ophthalmol. 1997;81:136-140.
 29.  Butuner Z, Elliott DB, Gimbel HV, Slimmon S. Visual function one 
year after excimer laser photorefractive keratectomy. J Refract Corneal 
Surg. 1994;10:625-630.
 30.  Ghaith AA, Daniel J, Stulting RD, Thompson KP, Lynn M. Contrast 
sensitivity and glare disability after radial keratotomy and photorefrac-
tive keratectomy. Arch Ophthalmol. 1998;116:12-18.
 31.  Nagy ZZ, Munkacsy G, Krueger RR. Changes in mesopic vision after 
photorefractive keratectomy for myopia. J Refract Surg. 2002;18:249-
252.
 32.  Schallhorn SC, Blanton CL, Kaupp SE, et al. Preliminary results of 
photorefractive keratectomy in active-duty United States Navy person-
nel. Ophthalmology. 1996;103:5-22.
 33.  Beerthuizen JJG, Franssen L, Landesz M, van den Berg TJTP. Straylight 
values 1 month after laser in situ keratomileusis and photorefractive 
keratectomy. J Cataract Refract Surg. 2007;33:779-783.
 34.  van Rijn LJ, Nischler C, Gamer D, et al. Measurement of stray light and 
glare: comparison of Nyktotest, Mesotest, stray light meter, and computer 
implemented stray light meter. Br J Ophthalmol. 2005;89:345-351.
 35.  Aulhorn E, Harms H. [The examination on fitness for driving at dark-
ness with the mesoptometer]. Klin Monatsbl Augenheilkd. 1970;157: 
843-873.
 36.  Rassow B. [Effect of luminance on contrast sensitivity and glare in the 
mesopic range]. Klin Monatsbl Augenheilkd. 1999;214:401-406.
 37.  van den Berg TJTP. Importance of pathological intraocular light scatter 
for visual disability. Doc Ophthalmol. 1986;61:327-333.
 38.  Owsley C, Stalvey BT, Wells J, Sloane ME, McGwin G, Jr. Visual 
risk factors for crash involvement in older drivers with cataract. Arch 
Ophthalmol. 2001;119:881-887.
 39.  Bland JM, Altman DG. Statistical methods for assessing agreement bet-
ween two methods of clinical measurement. Lancet. 1986;1:307-310.
 40.  Hartmann E, Wehmeyer K. [Investigation of mesopic vision and sensi-
tivity to glare by means of the new “nyktometer” (author’s transl)]. Klin 
Monatsbl Augenheilkd. 1980;176:859-863.
 41.  Charman WN. Night myopia and driving. Ophthalmic Physiol Opt. 
1996;16:474-485.
 42.  Plainis S, Chauhan K, Murray IJ, Charman WN. Retinal adaptation 
under night-time driving conditions. In: Gale A, Brown C, Haslegrave 
C, Taylor S (eds), Vision in Vehicles VII: North Holland, Elsevier 
Science BV; 2000:35-42.
 43.  Shaflik C. Environmental effects of roadway lighting. Available at 
http://www.darksky.org. Accessed April 6, 2009.
 44.  Recommended lighting levels for exterior lighting. Available at  
http://www.darksky.org. Accessed April 6, 2009.
 45.  Cuvalci O, Ertas B. Roadway lighting design methodology and evalua-
tion. Transactions of the SDPS. 2000;4:1-23.
 46.  Lewin I, Fies LC. Lamp color and visibility in outdoor lighting design. 
Available at http://dmdeng.com. Accessed April 6, 2009.
 47.  Bullough JD, Rea MS. Driving in snow: effect of headlamp color at 
mesopic and photopic light levels. In. SAE 2001 World Congress; 
Lighting Technology Developments for Automobiles (SP-1595) ed. 
Warrendale, PA: Society of Automotive Engineers; 2001.
 48.  van Derlofske J, Bullough JD. Spectral effects of high-intensity dischar-
ge automotive forward lighting on visual performance. In. SAE 2003 
World Congress ed. Warrendale, PA: Society of Automotive Engineers; 
2003.
 49.  Freedman M, Zador P, Staplin L. Effects of reduced transmittance film 
on automobile rear window visibility. Hum Factors. 1993;35:535-550.
 50.  Anderson SJ, Holliday IE. Night driving: effects of glare from vehicle 
headlights on motion perception. Ophthalmic Physiol Opt. 1995;15: 
545-551.
 51.  Schieber F. Age and glare recovery time for low-contrast stimuli. In: 
Proceedings of the Human Factors and Ergonomics Society 38th 
Annual Meeting ed., 1994:496-499.
 52.  Franssen L, Tabernero J, Coppens JE, van den Berg TJTP. Pupil size and 
retinal straylight in the normal eye. Invest Ophthalmol Vis Sci. 2007; 
48:2375-2382.
 53.  Alferdinck JW. Stare by car headlamps; a field measurement. In: 
Human Factors Institute, Soesterberg, The Netherlands; 1986.
 54.  van den Berg TJTP, van Rijn LJ, Michael R, et al. Straylight effects with 
aging and lens extraction. Am J Ophthalmol. 2007;144:358-363.
 55.  Flannagan MJ. Subjective and objective aspects of headlamp glare: 
effects of size and spectral power distribution. In. Report No. UMTRI-
99-36 ed. Ann Arbor, MI: The University of Michigan Transportation 
Research Institute; 1999.
 56.  Schieber F. Analytic study of daytime running lights as potential sources 
of disability and discomfort glare under ambient illumination conditio-
ns ranging from dawn to dusk. In:  Vermillion, SD: Heimstra Human 
Factors Laboratories, University of South Dakota; 1998.
 57.  Elliott DB, Sheridan M. The use of accurate visual acuity measurements 
in clinical anti-cataract formulation trials. Ophthalmic Physiol Opt. 
1988;8:397-401.
